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(57) ABSTRACT

A method and corresponding receiver product, the method
including: receiving a plurality of data streams over a wireless
multiple-input-multiple-output data channel, whereby each
data stream is received at all of a plurality of receive antennas
from all of a plurality of transmit antennas with a respective
weighting having been applied to each stream as transmitted
from each different transmit antenna; receiving a common
pilot signal over a common pilot channel; receiving an indi-
cation of the weightings; extracting the individual data
streams from the plurality received at the receive antennas;
and using the weightings and the common pilot signal
together with information regarding the extracted data
streams to calculate, for each of the streams, an estimate of
signal power relative to interference from the one or more
others of the data streams.
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MIMO RECEIVER HAVING IMPROVED SIR
ESTIMATION AND CORRESPONDING
METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application is the National Stage of, and therefore
claims the benefit of, International Application No. PCT/
EP2009/057566 filed on Jun. 18, 2009, entitled “MIMO
RECEIVER HAVING IMPROVED SIR ESTIMATION
AND CORRESPONDING METHOD,” which was pub-
lished in English under International Publication Number
WO 2010/052037 on May 14, 2010, and has a priority date of
Nov. 10, 2008, based on No. GB 0820535.3. Each of the
above applications is commonly assigned with this National
Stage application and is incorporated herein by reference in
their entirety.

FIELD OF THE INVENTION

The present invention relates to the estimation of a signal-
to-interference ratio in a multiple-input-multiple-output sys-
tem.

BACKGROUND

The convergence toward a packet based wireless network
started to take place with the Release 5 of the WCDMA 3GPP
standard, with the introduction of adaptive modulation and
coding on the High Speed Physical Downlink Shared Chan-
nel (HS-PDSCH) to exploit the good channel conditions of
the user equipment in order to achieve high instantaneous
data rates and thus maximise the system performance. The
use of multiple antennas at the base station (node-B in
WCDMA terminology) and multiple antennas at the user
equipment (UE) allows even higher peak rates to be achieved.
To exploit this advantage, the Multiple-Input-Multiple-Out-
put (MIMO) HS-PDSCH mode has recently been introduced
in Release 7 of WCDMA 3GPP standard [3GPP TS 25.214,
“Technical Specification Group Radio Access Network;
Physical layer procedures (FDD)”, Mars 2008, Section 9].

As shown in FIG. 1qa, under Release 7 a node-B operating
in MIMO mode can transmit up to two HS-PDSCH data
streams, each having different antenna precoding weights,
which are used to minimise the inter-stream interference at
the receiver.

FIG. 1a shows a schematic block diagram of a part of a
node-B transmitter 2 operable ina MIMO mode. In operation,
primary transport blocks are processed through a primary
transport processing module 4, then multiplied by the node-
B’s scrambling code and the UE’s spreading codes at a pri-
mary code-division multiplier 6, to generate a primary HS-
PDSCH stream. A first instance of the primary HS-PDSCH
stream is then multiplied by a first primary weighting factor
w, at a first primary weighting multiplier 8, for transmission
to the UE in question via a first antenna 14,, and a second
instance of the primary HS-PDSCH stream is multiplied by a
second primary weighting factor w, at a second primary
weighting multiplier 8, for transmission to the same UE via a
second antenna 14,. Thus the primary HS-PDSCH stream is
transmitted to the UE via both antennas 14, and 14, but with
different weightings applied.

If the node-B scheduler has selected to transmit two HS-
PDSCH streams to the UE simultaneously, then in addition
secondary transport blocks are processed through a second-
ary transport processing module 4, then multiplied by the
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2

node-B’s scrambling code and the same UE’s spreading code
at a secondary code-division multiplier 6, to generate a sec-
ondary HS-PDSCH stream. A first instance of the secondary
HS-PDSCH stream is then multiplied by a first secondary
weighting factor w at a first secondary weighting multiplier
8, for transmission to the UE via the first antenna 14, and a
second instance of the primary HS-PDSCH stream is multi-
plied by a second secondary weighting factor w, at a second
secondary weighting multiplier 8, for transmission to the
same UE via the second antenna 14,. Thus the secondary
HS-PDSCH stream is also transmitted to the UE via both
antennas 14, and 14, with different weightings applied. The
first instances of the primary and secondary HS-PDSCH
streams are summed at a first initial adder 10, , and the second
instances of the primary and secondary HS-PDSCH streams
are summed at a second initial adder 10,. Also, the output of
the firstinitial adder 10, is summed with a first Common Pilot
Channel CPICH, at afirstadditional adder 12, and the output
of the second initial adder 10, is summed with a second
Common Pilot Channel CPICH, at a second additional adder
12,.

As shown schematically in FIG. 15, each transmit antenna
14, and 14, transmits to each (both) receive antennas 16, and
16, at the UE’s receiver. It is then the receiver’s job to extract
the two individual primary and secondary data streams from
the different combinations of instances received at the two
respective receive antennas 16, and 16,.

Thus the node-B scheduler can select to transmit either one
or two transport blocks to a UE in a given transport time
interval, and thus is able to transmit up to two corresponding
HS-PDSCH streams derived from such blocks.

Similar arrangements may be applied for transmission of
other primary and secondary streams to other UEs, by multi-
plying by different spreading codes as will be familiar to a
person skilled in the art. This is indicated in FIG. 1 by the
dotted repetition of the diagram backwards into the page.

Note also that the arrangement can be generalised to any
number n=1 . . . N of streams and any number m=1 .. . M of
antennas, with each stream being transmitted from all M
antennas, and each combination of stream n with antenna m
being weighted by a respective weighting factor w, .. In a
general case, the maximum number of streams transmitted
need not equal the number of transmit and/or receive anten-
nas.

The introduction of MIMO mode in the WCDMA 3GPP
system requires the UE to have the capability of estimating
the Signal-to-Interference Ratio (SIR) between the primary
and secondary streams, in order to be able to demodulate the
received signal and generate the composite PCI and CQI. The
Precoding Control Indication (PCI) is an indication of the
UE’s preferred weights. The Channel Quality Indicator (CQI)
is a metric calculated by the UE based on the estimated SIR
and fed back to the node-B on the uplink. The node-B can then
use the reported CQI to adjust subsequent transmissions to
the UE in order to improve performance as described for
example in the 3GPP specifications.

Note: noise plus interference (P;) includes both the inter-
ference between streams and between CDMA spreading
codes (even codes of the same user). For example, in the
expression PY=P,"+y1,5CP7H P ¥ is the noise plus interfer-
ence between codes (by what is strictly a misnomer this is
sometimes referred to just as noise), where y1,57%H: is the
interference between streams for the same code. This termi-
nology will be used in the description below.

The MIMO mode is thus applied to the High Speed Physi-
cal Downlink Shared Channel (HS-PDSCH) and uses pre-
coding weights to improve performance. However, due to the
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precoding of the transmitted signal and in the absence of
dedicated pilots on the HS-PDSCH new techniques need to be
applied to estimate the SIR.

In general, when precoding weights are used, either (a)
dedicated pilots are transmitted to the UE on the same physi-
cal channel as the data stream or (b) the precoding weights are
signalled to the UE on a different physical channel.

The dedicated pilots are used in the closed loop transmit
diversity mode 1 for the Downlink Physical Channel (DPCH)
of the WCDMA 3GPP standard [3GPP TS 25.211, “Techni-
cal Specification Group Radio Access Network; Physical
Channels and Mapping of Transport Channels onto Physical
Channels (FDD)”, December 2005, Section 5.3], and were
proposed as well in [Brian Banister, “Adaptive Antenna
Method and Apparatus,” U.S. Pat. No. 6,952,455, filed Oct. 4,
2005]. When being used, the dedicated pilots allow direct
estimation of the effective channel experienced by the data
stream, which is the composite of the precoding weights and
the radio channel. The dedicated pilots also allow the estima-
tion of the SIR at the output of the receiver front end (rake
processor or equaliser), which captures any imperfection
introduced in the receiver processing.

Alternatively, signalling the precoding weights on a differ-
ent physical channel can save some of the transmit resources
that the dedicated pilots consume. However, this also has the
downside that the receiver has no direct access to the effective
channel experienced by the data stream, which must be
instead calculated using the signalled weights and the channel
estimated from the Common Pilot Channel (CPICH). The
estimation of the SIR in this case is currently done by a
formula using the effective channel, the noise measured on
the CPICH and the calculated equaliser (or rake) coefficients
[R4-070180, Signal model for multi-stream Type 3 reference
receiver, Ericsson, February 2007].

Calculating the SIR by this formula does not capture the
imperfection of the receiver, and in the case of MIMO is
unable to evaluate the inter-stream interference due to the
channel estimation errors.

SUMMARY

According to the present invention, a new method of esti-
mation is provided that uses a common pilot channel and the
MIMO downlink data channel to calculate the signal power
relative to the inter-stream interference power.

According to one aspect of the present invention, there is
provided a method of operating a wireless receiver, the
method comprising: receiving a plurality of data streams over
a wireless multiple-input-multiple-output data channel,
whereby each data stream is received at all of a plurality of
receive antennas of the receiver from all of a plurality of
transmit antennas of a transmitter with a respective weighting
having been applied to each stream as transmitted from each
different transmit antenna; receiving a common pilot signal
over a common pilot channel common to said receiver and
one or more other receivers; receiving an indication of said
weightings; extracting the individual data streams from the
plurality received at said receive antennas; using said weight-
ings and the common pilot signal together with information
regarding the extracted data streams to calculate, for each of
said streams, an estimate of signal power relative to interfer-
ence from the one or more others of said data streams; and
based on said estimates, performing at least one of the steps
of: decoding said data streams, and feeding back a metric
relating to channel quality from the receiver to the transmitter
for use in subsequent transmission over said channel.
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By performing the estimation based on information of the
individual extracted data streams, the present invention
advantageously captures any imperfection of the actual
receiver implementation (e.g. channel estimation errors,
incorrect modelling of noise, fixed point implementation,
etc.) and thus improves system performance.

Further, compared to the known method of SIR calculation
based on the estimated channel and equaliser coefficients, the
method of the present invention can allow a reduced imple-
mentation complexity: e.g. in a preferred embodiment, it
requires only a number of operations of the order of the
number of CPICH symbols per slot (10 CPICH symbols/
slot).

Further, the method of present invention need not require
any knowledge of the noise (power or cross-antenna/time
correlation) nor of the physical channels’ relative powers,
which makes the method very robust.

In embodiments, the calculation of said estimate may com-
prise calculating both the signal power and the interference
power and determining the estimate of the signal power rela-
tive to the interference power therefrom.

Said estimate of signal power relative to interference power
may be an estimate of signal power relative to interference
power and noise power.

The calculation of said estimate may comprise calculating
each of'the signal power, interference power and noise power
and determining the estimate of the signal power relative to
the interference and noise power therefrom.

The method may comprise measuring an overall power
received in each of the individual extracted data streams, and
the use of said information in said calculation may comprise
using said measurements of overall power.

Said calculation may comprise: (i) for each extracted data
stream, using a corresponding pilot stream from the common
pilot channel to generate a respective estimate of equivalent
channel response for each antenna; (ii) using said estimated
channel responses and said weightings to calculate estimates
of signal power, noise power and interference power of the
pilot streams; and (iii) using said estimates of signal power,
noise power and interference power from the pilot streams
together with said measurements of received power in each
extracted data stream to calculate said estimates of signal
power, noise power and interference power from the other
data streams.

Said reception may comprise receiving only two data
streams over a two-by-two wireless multiple-input-multiple-
output data channel, whereby each data stream is received at
both of two receive antennas of the receiver from both of two
transmit antennas of the transmitter.

Said extraction of the individual data streams may com-
prise processing inputs from the receive antennas through one
of'an equaliser and rake processor.

Said calculation may be performed following de-scram-
bling and de-spreading of the data streams. Said calculation
may be performed prior to log likelihood ratio calculation on
said data streams. Said calculation may be performed prior to
decoding of said data streams.

The calculation of said estimate of signal power, noise
power and interference power may comprise calculating the
ratio of signal power to interference plus noise power.

Said calculation may be performed without using a dedi-
cated pilot signal for said channel by instead using said
weightings, common pilot channel and information of said
extracted data streams.
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According to another aspect of the present invention, there
is provided a computer program product comprising code
which when executed on a processor will perform the steps of
any of the above methods.

According to another aspect of the present invention, there
is provided receiver comprising: a plurality of receive antenna
for receiving a plurality of data streams over a wireless mul-
tiple-input-multiple-output data channel, whereby each data
stream is received at all of said plurality of receive antennas
from all of a plurality of transmit antennas of a transmitter
with a respective weighting having been applied to each
stream as transmitted from each different transmit antenna;
and for receiving a common pilot signal over a common pilot
channel common to said receiver and one or more other
receivers; wherein the receiver further comprises a process-
ing means configured to: receive an indication of said weight-
ings; extract the individual data streams from the plurality
received at said receive antennas; use said weightings and the
common pilot signal together with information regarding the
extracted data streams to calculate, for each of said streams,
an estimate of signal power relative to interference from the
one or more others of said data streams; and based on said
estimates, performing at least one of the steps of: decoding
said data streams, and feeding back a metric relating to chan-
nel quality from the receiver to the transmitter for use in
subsequent transmission over said channel.

According to another aspect of the present invention, there
is provided a corresponding user equipment.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention and to
show how it may be carried into effect, reference will now be
made by way of example to the following drawings in which:

FIG. 1a is a schematic block diagram of parts of a node-B
transmitter,

FIG. 154 is a schematic representation of MIMO transmis-
sion,

FIG. 2a is a schematic block diagram of parts of a UE
receiver,

FIG. 2b is a schematic representation of the transmitted
CPICH symbol sequences in transmit diversity mode, and

FIG. 3 is a graph of throughput performance.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

In preferred embodiments of the present invention, there is
provided a method of SIR estimation that uses the CPICH and
the HS-PDSCH channels to calculate the SIR and thus to
capture any imperfection in the receiver and improve system
performances. Specifically, the preferred embodiments pro-
vide an improved method for MIMO SIR estimation that uses
the WCDMA downlink Common Pilot Channel (CPICH), the
HS-PDSCH received data and the Precoding Control Indica-
tion (PCI) signalled on the High Speed Shared Control Chan-
nel (HS-SCCH). The method exploits the structure of the
received signal and estimates the SIR while inherently
accounting for any imperfections of the receiver.

Referring again to FIG. 1a, the precoding weights used by
the node-B (2) are signalled to the UE on the downlink HS-
SCCH using the Precoding Control Indication (PCI), and are
quantised as follows:

30

40

45

50

W3=W1=1/\/5,
W4 = —Wp,

The CPICH, and CPICH, are the CPICH signals transmit-
ted on the first transmit antenna 14, and the second transmit
antenna 14, respectively. Two CPICH modes are possible
when MIMO is active. In one mode, the primary CPICH is in
transmit diversity mode in which case CPICH, corresponds
to the primary pilot pattern of the first transmit antenna 14,
and CPICH, is the primary pilot pattern of the second trans-
mit antenna 14, [3GPP TS 25.211, “Technical Specification
Group Radio Access Network; Physical Channels and Map-
ping of Transport Channels onto Physical Channels (FDD)”,
December 2005, Section 5.3]. In the other mode, the primary
CPICH is not in transmit diversity mode in which case a
secondary CPICH is present and corresponds to the pilot
signal CPICH,, transmitted on the second transmit antenna
14,.

On a point of terminology, note that the term data channel
is used herein in contrast to a pilot channel, and the terms data
stream, data signal or the like are used in contrast to a pilot
sequence. By data channel it is meant a channel for transmit-
ting actual user data, i.e. information the user wishes to com-
municate. This is distinct from a pilot channel, which is used
to transmit a predetermined, fixed pilot sequence which can-
not therefore be used to transmit user data. Similarly, a data
signal or data stream transmitted on a data channel is distinct
from a control signal transmitted on a control channel (e.g. a
PCI report), since again these do not transfer user data.

FIG. 2a shows a schematic block diagram ofa part of a UE
receiver 18 operable in a MIMO mode. The receiver 18 com-
prises the receive antennas 16, and 16,, a double stream
equaliser 22, an equaliser coefficient calculation module 20,
an HS-PDSCH despreading module 24, a CPICH dispreading
module 26, a SIR estimation module 30 and an LLR calcula-
tion and decoding module 28. Each of the receive antennas
16, and 16, is coupled to a respective signal input of the
equaliser 22. The equaliser 22 outputs correspond to the
respective equaliser streams coupled to the respective inputs
of the HS-PDSCH despreading module 24 and also to the
respective inputs of the CPICH despreading module 26. The
equaliser coefficient calculation module 20 outputs corre-
spond to the equaliser streams coupled to the control inputs of
the equaliser 22. The HS-PDSCH module 24 outputs corre-
spond to the two respective equaliser streams each coupled to
arespective signal input of both the SIR estimation module 30
and the LLR calculation and decoding module 28, as does the
CPICH despreading module 26. The SIR estimation module
30 is coupled to receive the MIMO precoding weights sig-
nalled on the HS-SCCH control channel, and its outputs
correspond to the respective streams coupled to the respective
control inputs of the LLR calculation and decoding module
28. Each of the equaliser 22 and other modules 20, 24, 26, 28
and 30 are preferably software stored on a storage medium of
the UE and executed on one or more central processing units
(CPUs) of the UE, although each or any of them could alter-
natively be dedicated hardware logic-units or a combination
of hardware and software.

In FIG. 2a the number of streams is maintained constant
and equal to two along the receive chain. In general the
number of streams could be different from two and could
change along the receive chain.
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In operation, each antenna receives a respective combina-
tion of the different instances of the primary and secondary
data streams, and provides that combined signal as a respec-
tive input to the equaliser 22. The equaliser coefficient calcu-
lation module 20 supplies coefficients for the two equaliser
streams to be output, which the equaliser 22 uses to then
separates out these combined signals into the separate equa-
liser streams corresponding to the two data streams respec-
tively as were first generated at the transmitter 2 prior to
MIMO processing.

Note that the UE could alternatively use a rake processor
instead of a chip level equalisation for signal detection. In
FIG. 2a, for simplicity the use of chip level equalisation has
been assumed; however the present invention applies to both
chip level equalisation and rake processing. The equalisation
is done using an equaliser per stream. The stream equaliser is
designed to equalise the stream of interest while cancelling
the interference from the other stream (in the case of double
stream transmission). In the case when one stream only is
transmitted, only one equaliser is applied. For simplicity, the
terminology ‘MIMO equaliser’ may be used to refer to double
stream equalisation in case of two streams being transmitted
and single stream equalisation in case one stream only was
transmitted.

In order to be able to decode the data streams at the output
of the signal detection stage (equaliser 22 or rake) the UE
needs to estimate the signal power and noise plus interference
power on each stream, as shown in FIG. 2a. The interference
in question is the interference between the two data streams
transmitted to the same UE on the same spreading code. As
mentioned above, by what is strictly a misnomer the “noise”
in the following description refers to the thermal noise plus
interferences from other spreading codes. Herein, the signal
power of the i data stream (i=1, 2) is denoted as P,* and the
interference plus noise power is denoted as P/”. The SIR is
defined as the ratio between P,* and P,”. In the following
example, by estimation of the SIR it is meant the estimation of
both P,* and P/

The equaliser supplies the equalised streams to the respec-
tive inputs of the HS-PDSCH despreading module 24 and of
the CPICH despreading module 26. By applying the relevant
despreading codes, the HS-PDSCH despreading module 24
outputs the respective data streams originating from the trans-
mitter 2, and the CPICH despreading module 26 outputs the
pilot streams. The HS-PDSCH despreading module 24 sup-
plies the respective data streams to the respective inputs of
both the SIR estimation module 30 and of the LLR calculation
and decoding module 28, and the CPICH despreading module
24 also supplies the pilot streams to the SIR estimation mod-
ule 30.

As discussed in further detail below, according to a pre-
ferred embodiment of the present invention, the SIR estima-
tion module 30 calculates an estimate of the SIR for each of
the data streams using: (i) the signalled MIMO precoding
weights received at the UE over the HS-SCCH, (ii) the
CPICH streams extracted by the equaliser 22 and CPICH
despreading module 26, and (iii) information of the indi-
vidual data streams extracted by the equaliser 22 and HS-
PDSCH despreading module 24.

The SIR estimation module 30 supplies the SIR estimates
to the respective, one for each data stream, inputs of the LLR
calculation and decoding block, 30 which uses these to output
decoded data.

The SIR estimation block can also use the estimated SIR to
determine a CQI report to feed back to the node B, which the
node B can then use to adjust its subsequent transmission to
improve performance in the manner known in the art.

10

30

40

45

50

55

60

65

8

A preferred SIR calculation having particularly improved
performance is now described.

As mentioned, the preferred embodiment estimates the
SIR of the MIMO HS-PDSCH channel using the CPICH
signal and the HS-PDSCH data streams at the output of the
MIMO equaliser, together with the knowledge of the precod-
ing weights which comes from the decoded HS-SCCH mes-
sage. The estimation is performed by the following steps.

The first step is to generate four equivalent channel
responses at the output of the MIMO equaliser from the
CPICH signal. The specific algorithm depends on whether a
secondary CPICH is used or if the primary CPICH is in
transmit diversity mode.

The second step is to use the precoding weights and the
equivalent channel responses to calculate the signal, the inter-
ference and the noise powers at the output of each stream
equaliser.

The third step is to use the calculated signal, interference
and noise powers from the equalised CPICH together with the
HS-PDSCH per-stream data in order to estimate the SIR of
the HS-PDSCH equalised data streams.

A preferred example of the first step is now described in
more detail, i.e. generation of four equivalent channel
responses at the output of the MIMO equaliser from the
CPICH. When the MIMO mode is active, in order to make
channel estimation of both transmit antennas possible then
either a primary CPICH is transmitted from the first antenna
and a secondary CPICH from the second antenna, or the
primary CPICH is in transmit diversity mode in which case a
different pattern is transmitted per transmit antenna (see FIG.
2b). The symbol S in the table below is constant: S=(1+)¥/2.

In the case of use of the secondary CPICH, the constant
pattern of symbol S is on both the primary and secondary
CPICH. At the output of the i” stream equaliser (i=1, 2), Z,,
and z, , denote the despread primary and secondary CPICH
signals at the k” symbol index after multiplication by the
complex conjugate of S, S*:(l—j)/\/f. These can be written:

Z, (k=0 qAn; (k),

where ., , is the channel seen from antenna t at the output of
the i” stream equaliser, and n, ,is an additive noise term. This
noise term has the same power on both the despread primary
and secondary CPICH signals:

P, "=P =P

In the case of use of the primary CPICH transmit diversity
patterns, at the output of the i stream equaliser (i=1, 2), z,(k)
denotes the despread CPICH signals at the k” symbol index,
with:

Zi(k):ai,IS+ai,2§(k)S+ni(k)a
where E(K)=(-DI¥*"2]_ As can be seen from FIG. 24, the
quantity E(k) verifies the following property:
EQRHERE+1)=(=1Y+(-1)1=0.

Exploiting the above property generates:

zi(2k) + 72k + 1) 5

—_—

EQ2K)zi (k) + €2k + D)z (2k + 1) 5
3 ,

Ziy (k) =

Zip(k) =

which can be modelled again as:

Zi,z(k):ai,z‘”’l i,z(k) 5



US 9,184,807 B2

9

although in this case the noise power is half of that of the
previous case:

P?,l = P?,z = 7‘

A preferred example of the second step is now described in
more detail, i.e. using the precoding weights and the equiva-
lent channel responses to calculate the signal, the interference
and the noise powers at the output of each stream equaliser.
Using the equivalent channel responses at the equivalent out-
put that were generated in the first step, combined with the
precoding weights, it is possible to synthesise the effect of
precoding and equalisation on each stream. Denoting by Y, ,
(k) the synthesised response seen from each stream 1 at the
output of the i? stream equaliser:

Y (=i Z () +wsZ, (k)
Yo (k)= Zy s () +waZ; (R).
‘Which can be written as:
K‘,l(k)zﬁi,ﬁ'ni,l(k)

Y 2(k)=B; 2tm; 5(K),

where 3, | (respectively B, ,) are the effective channel seen by
stream 1 (respectlvely stream 2) at the output of the i? stream
equaliser. n, ; and n, , are the additive n01se and have the same
power for both streams on the same i stream equaliser out-
put. In the case of the use of a secondary CPICH

Py \"=P;5"=P/",

where in the case of transmit diversity CPICH pattern:

From this point it is possible to use any algorithm known in
the art to calculate an estimate of the per-stream response B, s
i=1,2; 1=1,2 and the noise power on the CPICH P/»“7/¢#,
i=1,2.

In case the MIMO equaliser is designed to perform a per-
stream equalisation, equaliser i is designed to equalise stream
i when trying to remove the contribution coming from the
other stream. In this case, a signal and interference power
estimates on the CPICH could be generated for each stream
equaliser:

signal power P, S-CPICH=| 1\2
S.CPICH_ 2.
I \[5

interference power
Stream equaliser 1:

51g_nal power P,SCPICH- \[5 2\2 interference power

J,ScpIcH \[5 Stream equaliser 2:

A preferred example of the third step is now described in
more detail, i.e. calculation of the signal, interference and
noise powers on the HS-PDSCH.

In the case of double stream transmission, the output of the
stream equaliser (i=1, 2) and after despreading of the
HS PDSCH code the data stream signal can be written as:

XiR)=By151(0)+B, 585 +vi(k)

where s, (I=1, 2) is the transmitted data symbol of 1 stream,
v, is an additive noise. The noise power at the output of the
HS-PDSCH despreading is a scaled version of the one at the
output of the CPICH

Pr=NP,
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10
where the scalar A is the ratio of the spreading factors of the
CPICH and the HS-PDSCH channels. An estimate of the
HS-PDSCH noise power is therefore simply a scaled version
of the one obtained from the CPICH

PyHS=) peCPICH 1 5

The two transmitted data streams s, (i=1, 2) have the same
power. Let y be the power ratio between the despread data of
the HS-PDSCH and the CPICH, the total power of the output
of'the HS-PDSCH despreading is

Pimj‘{‘ﬁi,l ‘2‘“{‘[51',2 ‘2+Piv'

An estimate of the total power per HS-PDSCH stream P,
can be easily generated by averaging the respective signal
energy.

The per-stream power y can be estimated as follows:

ator av av
. P P -P -P,
V= S.CPICH ~S.CPICH _ ,5.CPICH _ ~5,CPICH *
P +1; + P, P

The signal power P, and the noise plus interference power
P on the HS-PDSCH channel for the i stream can therefore
be estimated as:

AS_3 P S.CPICH
PP=YP; >

N_ 2 485,CPICH
PN=PrwI; .

Note: P** is the total power of the HS-PDSCH stream
(including the useful signal, the interference and the noise
powers): hence P=P°+1+P".

Inthe case of single stream transmission, only the equaliser
of stream 1 is applied. After despreading of the HS-PDSCH
code the data stream signal can be written as:

Xl(k):ﬁl,lsl(k)+vl(k)-

Since no interfering stream is present, the total power of the
output of the HS-PDSCH despreading is:

P =yIB, , IP+P)".

The signal power P, and the noise plus interference P,
can therefore be estimated as:

AN_pv_y pnCPICH
Prr=P}=\P] ,

Iﬁlszlﬁitot_piv_

To evaluate the effectiveness ofthe solution detailed above,
simulations have been carried out. The simulations measure
the MIMO HSDPA performance for the fixed reference chan-
nel described in [3GPP TS 25.101, “Technical Specification
Group Radio Access Network; User Equipment (UE) Radio
Transmission and Reception (FDD)”, Mars 2008, Section
9.2.4A]. The primary stream uses transport block size 17548
and a 16-QAM constellation where the secondary stream uses
transport block size 9719 and a QPSK constellation. Flat
fading channel propagation conditions are assumed with
mobile speed of 3 km/h. FIG. 3 shows the throughput perfor-
mance for different cell geometries, where cell geometry is
defined as the ratio between the total downlink power
received from the wanted cell and the total power received by
other cells. The method for SIR estimation (marked “Pre-
ferred Embodiment” in FIG. 3) is compared to the cases
where the SIR is calculated by formula using the estimated
channel and the equaliser coefficients (“SIR Calculation™)
and to the genie case where both the channel and the SIR are
perfectly known to the receiver (“Genie SIR”). The curve
labelled “Preferred Embodiment, Genie Channel” corre-
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sponds to the SIR estimation of the Preferred Embodiment
where the channel is known perfectly to the receiver. The
“Genie SIR” curve represents an upper bound to the perfor-
mance of any other technique, as is apparent from FIG. 3. The
“Preferred Embodiment” curve shows a gain of up to 2 Mbps
in throughput compared to “SIR Calculation”. This gain is
achieved for middle to high geometries where MIMO trans-
mission is likely to be employed. Comparing “Preferred
Embodiment, Genie Channel” to “Genie SIR” shows that
when removing the effect of the channel estimation errors the
approach of the Preferred Embodiment for SIR estimation
leads to a degradation of no more than 0.3 dB for most of the
geometry range (0.3 Mbps degradation in throughput). This
shows that the degradation of the “Preferred Embodiment”
compared to “Genie SIR” is almost entirely due to the imper-
fect equalisation (equaliser calculation based on channel esti-
mates which contain errors) and not to the proposed SIR
estimation method. Once the SIR value has been calculated
by the UE, the SIR can then be used to calculate the channel
quality indicator (CQI) value, which is a metric indicative of
channel conditions that is reported by the UE to the node-B.
For example, in the current 3GPP specification, the CQI per
stream is defined as:

CQIASIR )

where the SIR,; is the measured SIR in decibels (i.e.
SIR ;z=10 log, ,(SIR)). {(.) is a function that maps the SIR ;5
into CQI values, f(.) could change depending on the imple-
mentation. Of course, this also means that SIR ;z=10 log;
(Signal power)-10 log,(Interference+noise), so note that
calculating a ratio can mean performing a subtraction rather
than a division in the case of logarithmic scale.

It will be appreciated that the above embodiments are
described only by way of example. For instance, the above
has been described in terms of an improvement to the 3GPP
WCDMA Release 7 standard, but it will be appreciated by a
person skilled in the art that the teachings disclosed herein
may be applied to future LTE (Long Term Evolution) stan-
dards or to other standards or types of multiple-input-mul-
tiple-output communication. Further, it will be understood
that rake processing can be used in place of an equaliser.
Further, although the above has been described in terms of a
two-by-two MIMO system, it will be appreciated by a person
skilled in the art that the invention can be generalised to any
number of streams transmitted from any number of transmit
antennas to any number of receive antennas. Further, a person
skilled in the art may recognise other variations on the spe-
cific equations detailed above whilst still making use of the
principle of the invention as disclosed herein, including for
example a different definition of CQI. Other applications and
configurations may be apparent to the person skilled in the art
given the disclosure herein. The scope of the invention is not
limited by the described embodiments, but only be the fol-
lowing claims.

The invention claimed is:

1. A method of operating a wireless receiver, the method
comprising:

receiving a plurality of data streams over a wireless mul-

tiple-input-multiple-output data channel, whereby each
data stream is received at all of a plurality of receive
antennas of the receiver from all of a plurality of transmit
antennas of a transmitter with a respective weighting
having been applied to each stream as transmitted from
each different transmit antenna;

receiving a common pilot signal over acommon pilot chan-

nel common to said receiver and one or more other
receivers;
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receiving an indication of said weightings;

extracting individual data streams from the plurality
received at said receive antennas;

measuring an overall power received in each of the indi-
vidual data streams;

using said weightings and the common pilot signal
together with the measured overall power received in
each of the extracted data streams to calculate, for each
of said streams, an estimate of signal power relative to
interference from the one or more others of said data
streams, wherein said calculation comprises:

(1) for each extracted data stream, using a corresponding
pilot stream from the common pilot channel to gen-
erate a respective estimate of an equivalent channel
response for each of the plurality of receive antennas;

(i1) using the estimated channel responses and said
weightings to calculate estimates of signal power,
noise power, and interference power of the pilot
streams; and

(iii) using the estimates of signal power, noise power,
and interference from the pilot streams together with
the measurements of received power in each extracted
data stream to calculate the estimates of signal power,
noise power, and interference power from the other
data streams by estimating a per data stream power
by:
calculating a signal power ratio y between the pilot

and the data streams, wherein:

atot atot AV AV
o Pl +P) -P =P
V= _S.CPICH ~S.CPICH _ ,5,CPICH _ ~5.CPICH
P, +1; +P, +1,

and
estimating the signal power P,* and the noise plus interfer-
ence power P~ on the data channel for the i stream as:

B S_5p S,CPICH
PP=YP; >

piN:piv_H{iiS, CPICH;

S,CPICH

where P,
1S-crPrcH
i

is the signal power of the i pilot stream,
is the interference power on the i” pilot stream,
P’ is the overall power measured in the i” stream, and
P,” is the noise power in the i” stream; and
based on said estimates of said signal power, noise power,
and interference from the pilot streams, performing at
least one of the steps of: decoding said data streams, and
feeding back a metric relating to channel quality from
the receiver to the transmitter for use in subsequent
transmission over said channel.

2. The method of claim 1, wherein the calculation of said
estimate comprises calculating both the signal power and the
interference power and determining the estimate of the signal
power relative to the interference power therefrom.

3. The method of claim 1, wherein said estimate of signal
power relative to interference power is an estimate of signal
power relative to interference power and noise power.

4. The method of claim 3, wherein the calculation of said
estimate comprises calculating each of the signal power,
interference power and noise power and determining the esti-
mate of the signal power relative to the interference and noise
power therefrom.

5. The method of claim 3, wherein the calculation of said
estimate of signal power, noise power and interference power
comprises calculating the ratio of signal power to interference
plus noise power.



US 9,184,807 B2

13

6. The method of claim 1, wherein said reception com-
prises receiving only two data streams over a two-by-two
wireless multiple-input-multiple-output data  channel,
whereby each data stream is received at both of two receive
antennas of the receiver from both of two transmit antennas of
the transmitter.

7. The method of claim 1, wherein said extraction of the
individual data streams comprises processing inputs from the
receive antennas through one of an equaliser and rake proces-
SOf.

8. The method of claim 1, wherein said calculation is
performed following de-scrambling and de-spreading of the
data streams.

9. The method of claim 1, wherein said calculation is
performed prior to log likelihood ratio calculation on said
data streams.

10. The method of claim 1, wherein said calculation is
performed prior to decoding of said data streams.

11. The method of claim 1, wherein said calculation is
performed without using a dedicated pilot signal for said
channel by instead using said weightings, common pilot
channel and information of said extracted data streams.

12. The method of claim 1, wherein step (ii) comprises
calculating:

for a first pilot stream:

signal power Iﬁis’CPICHZ\ﬁM 2

pilot interference power IIS’CPICH:\[SIQ 2

and
for a second pilot stream:

signal power st’CPICH:\[izyz ?,
and

interference power 1,5 F7CH=| B 2

wherein estimates of 3, ; and 3, , are generated from 'Y, , (k)
and Y, ,(k) respectively:

Yi,l(k):WIZi,l(k)"'WzZi,z(k)

Yi,2(k):WSZi,l(k)+W4Zi,2(k);

and which correspond to
K‘,l(k)zﬁi,ﬁ'ni,l(k)

Y 2(k)=B; 2tm; 5(K),

whereY, (k) is a synthesized response seen by stream 1 at
the output of the i stream equalizer, Y, (k)isa synthe-
sized response seen by stream 2 at the output of the i”*
stream equalizer, 3, is an effective channel seen by
stream 1 at the output ofthei” stream equalizer, B, o8 an
effective channel seen by stream 2 at the output of thei?
stream equalizer, Z, | (k) is the channel response from the
first antenna on the i” " pilot stream for the k? symbol
index, Z, ,(k) is the channel response from the second
antenna on the i” stream pilot for the k” symbol index,
W, . 4 are the weightings, and n,; and n, , are noise
terms from the two respective antennas on the i” " pilot
stream.

13. A receiver comprising:

a plurality of receive antenna for receiving a plurality of
data streams over a wireless multiple-input-multiple-
output data channel, whereby each data stream is
received at all of said plurality of receive antennas from
all of a plurality of transmit antennas of a transmitter
with a respective weighting having been applied to each
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stream as transmitted from each different transmit

antenna; and for receiving a common pilot signal over a

common pilot channel common to said receiver and one

or more other receivers;

wherein the receiver further comprises a processing means

configured to:

receive an indication of said weightings;

extract individual data streams from the plurality
received at said receive antennas;

measure an overall power received in each of the indi-
vidual data streams;

use said weightings and the common pilot signal
together with the measured overall power received for
each of the extracted data streams to calculate, for
each of said streams, an estimate of signal power
relative to interference from the one or more others of
said data streams, wherein said calculation com-
prises:

(1) for each extracted data stream, using a correspond-
ing pilot stream from the common pilot channel to
generate a respective estimate of an equivalent
channel response for each of the plurality of receive
antennas;

(i) using the estimated channel responses and said
weightings to calculate estimates of signal power,
noise power, and interference power of the pilot
streams; and

(iii) using the estimates of signal power, noise power,
and interference from the pilot streams together
with the measurements of received power in each
extracted data stream to calculate the estimates of
signal power, noise power, and interference power
from the other data streams by estimating a per data
stream power by:
calculating a signal power ratio y between the pilot

and the data streams, wherein:

ator atot 2 av
o P+P - P =P
V= _S.CPICH ~S.CPICH _ ,5,CPICH _ ~5.CPICH
1 +1 +7 +1i

and
estimating the signal power P,* and the noise plus interfer-
ence power P~ on the data channel for the i stream as:

AS_3 P S,CPICH,
PP=YP; ;

AN_p v, S.CPICH,
PR=PY; ;

where P,>““*“¥ is the signal power of the i”* pilot stream,
| e ICH i the interference power on the i” pllot stream,
PZ’O’ is the overall power measured in the i” stream, and
P” is the noise power in the i stream; and

based on said estimates of said signal power, noise power,
and interference from the pilot streams, performing at
least one of the steps of: decoding said data streams, and
feeding back a metric relating to channel quality from
the receiver to the transmitter for use in subsequent
transmission over said channel.

14. The receiver of claim 13, wherein the processing means
is configured to calculate said estimate by calculating both the
signal power and the interference power and determining the
estimate of the signal power relative to the interference power
therefrom.

15. The receiver of claim 13, wherein the processing means
is configured to calculate said estimate of signal power rela-
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tive to interference power as an estimate of signal power
relative to interference power and noise power.

16. The receiver of claim 15, wherein the processing means
is configured to perform said calculation of signal power,
noise power and interference power by calculating the ratio of
signal power to interference plus noise power.

17. The receiver of claim 15, wherein the processing means
is configured to calculate said estimate by calculating each of
the signal power, interference power and noise power and
determining the estimate of the signal power relative to the
interference and noise power therefrom.

18. The receiver of claim 13, wherein the receiver com-
prises only two receive antennas for receiving only two data
streams over a two-by-two wireless multiple-input-multiple-
output data channel, whereby each data stream is received at
both of two receive antennas of the receiver from both of two
transmit antennas of the transmitter.

19. The receiver of claim 13, wherein the processing means
is configured to extract said individual data streams by per-
forming one of equalisation processing and rake processing
on the inputs from the receive antennas.

20. The receiver of claim 13, wherein the processing means
is configured to perform said calculation following de-scram-
bling and de-spreading of the data streams.

21. The receiver of claim 13, wherein the processing means
is configured to perform said calculation prior to log likeli-
hood ratio calculation on said data streams.

22. The receiver of claim 13, wherein the processing means
is configured to perform said calculation is prior to decoding
of said data streams.

23. The receiver of claim 13, wherein the processing means
is configured to perform said calculation without using a
dedicated pilot signal for said channel by instead using said
weightings, common pilot channel and information of said
extracted data streams.

24. The receiver of claim 13, wherein the processing means
is configured to perform step (ii) by calculating:

for a first pilot stream:

signal powerlﬁls’CPICHZ\fiu 2,

pilot interference power IIS’CPICH:\[SIQ 2%

and
for a second pilot stream:

signal power P,S“F/CH= |, , |2,

and

interference power I,57H=| B 2

wherein estimates of 3, ; and 3, ,) are generated from Y, ;
(k) and Y, ,(k) respectively:
Yi,l(k):WIZi,l(k)"'WzZi,z(k)

Yi,2(k):WSZi,l(k)+W4Zi,2(k);
and which correspond to
K‘,l(k)zﬁi,ﬁ'ni,l(k)

Yi,2(k):|?)i,2+ni,2(k)

whereY, (k) is a synthesized response seen by stream 1 at the
output of the i* stream equalizer, Y, (k) is a synthesized
response seen by stream 2 at the output of the i stream
equalizer, 3, ; is an effective channel seen by stream 1 at the
output of the i stream equalizer, B> is an effective channel
seen by stream 2 at the output of the i stream equalizer,
7, ,(k) is the channel response from the first antenna on the i
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pilot stream for the k™ symbol index, 7, 5(k) is the channel
response from the second antenna on the i stream pilot for
the k” symbol index, w,  , are the weightings, and n,,; and
n, , are noise terms from the two respective antennas on the i

5 pilot stream.

25. A user equipment comprising:

a plurality of receive antenna for receiving a plurality of
data streams over a wireless multiple-input-multiple-
output data channel, whereby each data stream is
received at all of said plurality of receive antennas from
all of a plurality of transmit antennas of a transmitter
with a respective weighting having been applied to each
stream as transmitted from each different transmit
antenna; and for receiving a common pilot signal over a
common pilot channel common to said receiver and one
or more other receivers;

wherein the receiver further comprises a processing means
configured to:
receive an indication of said weightings;
extract individual data streams from the plurality

received at said receive antennas;

measure an overall power received in each of the indi-
vidual data streams;

use said weightings and the common pilot signal
together with the measured overall power received for
each of the extracted data streams to calculate, for
each of said streams, an estimate of signal power
relative to interference from the one or more others of
said data streams, wherein said calculation com-
prises:

(1) for each extracted data stream, using a correspond-
ing pilot stream from the common pilot channel to
generate a respective estimate of an equivalent
channel response for each of the plurality of receive
antennas;

(i) using the estimated channel responses and said
weightings to calculate estimates of signal power,
noise power, and interference power of the pilot
streams; and

(iii) using the estimates of signal power, noise power,
and interference from the pilot streams together
with the measurements of received power in each
extracted data stream to calculate the estimates of
signal power, noise power, and interference power
from the other data streams by estimating a per data
stream power by:
calculating a signal power ratio y between the pilot

and the data streams:
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ator atot AV AV
P +P, -P -P,
~S,CPICH _ ~S,CPICH _ ~S,CPICH _ ~S,CPICH ’
1 +1 +7 +1i

~
1}

55 and
estimating the signal power P,* and the noise plus interfer-
ence power P,V on the data channel for the i stream as:

Pis =y PiS, CPICH

60 p_]\/:p_v_'_,\}is,CPICH.

where P,>“F"“# is the signal power of the i pilot stream,
1571 i5 the interference power on the i? pilot stream,
P’ is the overall power measured in the i” stream, and
P " is the noise power in the i stream; and

based on said estimates of said signal power, noise power,
and interference from the pilot streams, performing at

65
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least one of the steps of: decoding said data streams, and
feeding back a metric relating to channel quality from
the receiver to the transmitter for use in subsequent
transmission over said channel.

26. A computer program product, embodied in program 5
code stored in a non-transitory computer readable storage
media which when executed on a processor will perform a
method according to claim 1.

#* #* #* #* #*
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